Abstract Quantitative indices are classically employed to evaluate the contamination status of metals with reference to the baseline concentrations. The baselines vary considerably across different geographical zones. It is imperative to determine the local geochemical baseline to evaluate the contamination status. No study has been done to establish the background concentrations in tropical rivers of this region. This paper reports the background concentrations of metals in water and sediment of the Baleh River, Sarawak, derived based on the statistical methods where the areas possibly disturbed are distinguished from the undisturbed area. The baseline levels of six elements in water determined were Al (0.34 mg/L), Fe (0.51 mg/L), Mn (0.12 mg/L), Cu (0.01 mg/L), Pb (0.03 mg/L), and Zn (0.05 mg/L). Arsenic and selenium were below the detection limit. For sediment, the background values were established according to statistical methods including (mean + 2σ), iterative 2σ, cumulative distribution frequency, interquartile, and calculation distribution function. The background values derived using the iterative 2σ algorithm and calculated distribution function were relatively lower. The baseline levels calculated were within the range reported in the literatures mainly from tropical and subtropical regions. The upper limits proposed for nine elements in sediment were Al (100,879 mg/kg), Cr (75.45 mg/kg), Cu (34.59 mg/kg), Fe (37,823 mg/kg), Mn (793 mg/kg), Ni (22.88 mg/kg), Pb (27.26 mg/kg), Zn (70.64 mg/kg), and Hg (0.33 mg/kg). Quantitative indices calculated suggest low risk of contamination at the Baleh River.
Introduction
Rivers are very vulnerable to environmental changes where continuous development often leads to various undesirable consequences. The natural process with accelerated urbanization has substantially increased the metal loading of rivers; hence, continuous monitoring and appraisal of river water quality is imperative. For trace metals, the assessment often involves determination of metal contents, evaluation of the contamination status, and identification of hotspots. This is classically examined based on various quantitative indices such as geoaccumulation index, contamination factor, and enrichment factor that are derived with reference to the background concentrations resulting from weathering and dissolution of naturally occurring metals. It is often called the geochemical baseline where numerous studies employ the world surface rock and the world river water average as the reference (Martin and Meybeck 1979; Vowotor et al. 2014; Haydar et al. 2014; Hasan et al. 2015) . Oste et al. (2011) points out that there are considerable variations in the background levels from different geographical zones; hence, employing the global average reference may underestimate/overestimate the contamination status of a study region. Meybeck (1991) also comments on the world surface rock average stating that the background values of some elements are obviously overestimated. According to Boulton et al. (2008) , tropical rivers are characterized with relatively higher weathering rates due to elevated water temperature and greater magnitude of seasonal floods. As reported in Alagarsamy and Zhang (2005) , the trace metal concentrations in sediment from rivers of China and India are lower than other world major rivers attributed to differences in mineral compositions, weathering rates, climatic conditions, and anthropogenic inputs. Correspondingly, Aprile and Bouvy (2010) investigates the background metals in the Tapacurá River of Brazil concluding that Fe and Mn are relatively higher in the tropical river due to the weather conditions. For this reason, a set of representative background concentration is essential for adequate risk assessment of a designated study site. Oste et al. (2011) reports various methods to derive the background metal concentrations in surface water and sediment. The most straightforward approach is to determine the natural concentrations from an unburdened river.
In Sarawak (located at the northwest of Borneo), there is an extensive network of rivers. Many of them have been subjected to various development activities where rivers are no longer Bpristine.^Despite the rapid development, no study has been done to establish the background level of metals in this region for assessment of contamination. Adopting the world average or existing available baseline level from other similar region for contamination assessment may not warranty a representative evaluation. The Baleh River is the main tributary of the Rajang River. The river is locally known as Batang Baleh where the area is largely covered with natural vegetation and is sparsely populated. O'Hanlon (1984) describes this part of Sarawak as the heart of Borneo. The most prominent activity in the vicinity is logging where debris was carried downstream causing log jam in 2010 (Sibon 2010) . In this paper, we attempt to establish the background metal concentrations of the Baleh River, a relatively undisturbed river in this region. Essentially, the background concentrations can be developed based on sedimentological, geochemical, and statistical methods. In this paper, the background concentrations are derived from the statistical methods. The baseline values proposed would allow more appropriate assessment of trace metals for the study site. Furthermore, they could be used as a guideline for the local environmental management purpose and serving as a reference for tropical rivers in this region.
Materials and methods

Study area and sample collection
A total of 63 water and sediment samples were collected from 21 stations in triplicates, respectively, as shown in Fig. 1 . The corresponding GPS coordinates are tabulated in Table 1 . For water, triplicate samples were collected from sub-surface of 0-30 cm and acidified with 5 mL of 2 M HNO 3 . Submerged sediments of alluvial deposits, at least 30 cm below the water, were obtained and stored in plastic bags. All the samples were kept in a cooler box with ice. Upon arrival at the laboratory, they were transferred to the cold room at −20°C until further analysis. The sampling was conducted between Feb. and Apr., typically wet season in this region.
Sample preparation and digestion
Water samples were filtered through 0.45-μm membrane filters (cellulose esters) and digested according to the Standard Method of APHA (1998). Five milliliters of concentrated HNO 3 was added to 100 mL of water, heated to slow boil on a hotplate until its final volume was approximately 10-20 mL. The sample was left to cool to room temperature and filtered through 0.45-μm membrane filters, and the filtrate was diluted to 100 mL. Sediment samples were air-dried, sieved through a 0.5-mm sieve, homogenized, and ground to fine powder. The samples were digested using a microwave digester (CEM-MARS 6) at 180°C and 800 psi. A total of 0.50 g of sample was digested with 6 mL concentrated HNO 3 and 2 mL HCl. The sample was digested at 180°C for 20 min, filtered through 0.45-μm membrane filters, and diluted to 100 mL. The metal contents in sediment are reported in dry weight.
All samples were digested in triplicates and subjected to metal analysis including Al, Cu, Mn, Fe, Ni, Zn, Cr, Pb, As, and Se using a microwave plasma atomic emission spectrometer (Agilent MP-AES 4200), whilst Hg was analyzed using a mercury analyzer (Perkin Elmer FIMS 400). Note that the metal contents reported in water refer to acid-extractable concentrations. All glassware was acid washed before use, and blanks were analyzed for potential contamination. The method was validated using the Certified Reference Materials (CRM) of stream sediment, STSD-1. The limit of 
Statistical analyses
The geochemical baseline can be developed based on the metal contents in water or sediment. For water, the clean stream approach was proposed where the background levels were derived from the unburdened water bodies (Oste et al. 2011) . The limitation of this approach is that the metal contents in water are more susceptible to spatial and seasonal variations. In this study, principal component analysis (PCA) was employed to reveal the clustering pattern identifying stations possibly affected by anthropogenic inputs. The affected stations were excluded from consideration of baseline levels. For water, the background concentrations were calculated based on 95th percentile of the dataset as recommended by Parkman (2007) . Application of multivariate approaches such as PCA for the assessment of the baseline values and identification of uncontaminated sites has been widely reported (Hu et al. 2013; Guan et al. 2016) . The data was square rooted and standardized prior to PCA to ensure that all variables are comparable. The baseline concentrations in sediment are commonly developed according to three approaches: the geochemical methods, the statistical methods, and the combination of both empirical and statistical methods (Reimann and Garrett 2005; Galuszka 2007; Qi et al. 2010; Desaules 2012; Dung et al. 2013) . The advantages and shortcomings of these methods are described in detail in Dung et al. (2013) . In this paper, the baseline levels are derived from the bulk sediment using statistical methods including iterative 2σ approach, mean ± 2σ, interquartile range, and calculated distribution function (de Lima Rodrigues et al. 2013; Mali et al. 2015) . Graphic representations of box plot and cumulative frequency curves were used to illustrate the data distributions. The upper limit of the geochemical background is defined as [mean + 2σ] of unburdened sediment according to Reimann and Garrett (2005) . Tukey (1977) determines the upper limit (UL) based on the 95th percentile (Q3) and interquartile (IQR) where UL = [Q3 + 0.5(1.5 × IQR -IQR)]. The baseline concentrations can also be derived from the cumulative frequency curves. The linear regression of the cumulative frequency curve of the original distribution, R 2 , was calculated.
The maximum value was omitted if the R 2 is less than 0.90. This process was repeated until R 2 > 0.90 and linearity (p < 0.05) were met (Wei and Wen 2012) . For the iterative 2σ approach, the mean and standard deviation of the data were calculated. Values that fall out of the range of [mean ± 2σ] were excluded. The procedure was repeated until all remaining values were within the range. The background value was represented by the upper limit of the range (Matschullat et al. 2000) . The upper background level can be determined based on the calculated distribution function when the natural system is believed to be affected by anthropogenic enrichments. This technique is only valid if the lowest value is confirmed free from anthropogenic influence (Matschullat et al. 2000) . The procedure involved calculating the median of the original data and eliminates all values above the median. A Bmirrored^dataset was then simulated based on the remaining values where the mirrored value = median − data value + median (Nakic et al. 2007) . The mirrored and the remained original data were combined where the mean and standard deviation were recalculated. All values outside the range of [mean ± 2σ] were omitted. The upper background limit was represented by the maximum value of the processed data. The calculated and original data range was evaluated using Kolgomorov-Smirnov test at 95 % confidence. If the p > 0.05, it implies that the calculated range is valid. If the p < 0.05, the baseline value is overestimated (de Lima Rodrigues et al. 2013 ).
Pearson's correlation analysis was performed to identify the correlation between two elements at 95 % significance level. Analysis of variance (ANOVA) was used to evaluate the statistical difference between two populations where Tukey's test was applied in addition for multiple comparisons. All statistical analyses were performed using Matlab 2013a.
Quantitative indices
The contamination status of sediment was evaluated based on the geoaccumulation index (I geo ), contamination factor (CF), enrichment factor (EF), and pollution load index (PLI). The geoaccumulation index, I geo (Müller 1979) , is used to illustrate the enrichment of metal concentrations above the baseline concentrations.
where C sample is the concentration of elements in samples and C background is the geochemical background value determined. The I geo scale consists of seven grades (0-6) ranging from unpolluted to highly polluted. The CF is expressed as C sample C background where sediments with CF < 1 is classified as low in contamination. Sediments with 1 ≤ CF < 3 is moderately contaminated, whilst 3 ≤ CF < 6 is considerably contaminated. The EF is employed to evaluate the enrichment degree where Fe in sediment is used for normalization (Davaulter and Rognerud 2001; Woitke et al. 2003; Aloupi and Angelidis 2001) . According to Zhang and Liu (2002) , EF values between 0.5 and 1.5 indicate that the metals are originated from natural processes whilst EF greater than 1.5 implies anthropogenic input.
The PLI is calculated as (CF 1 × CF 2 × CF 3 × … CF n ) 1/n where n is the number of metals. The PLI value varies from 0 (unpolluted) to 1 (highly polluted).
Results and discussion
The recovery percentage attained ranges between 98 and 128 %, falls within the recommended range of 80-120 % by Cussen and Hensman (2011) Generally, Fe, Al, and Mn are the most abundant elements detected in water at an average of 0.56, 0.37, and 0.12 mg/L, respectively; other elements are found in trace or absent. Figure 2 illustrates the score plot of PC2 versus PC1 with the bar graphs demonstrating the concentrations of Al, Fe, and Mn according to stations. The score plot is mainly used to explore the clustering pattern of the data where in this case, the variance explained by PC1 and PC2 is 43.84 and 20.32 %, respectively. With reference to the score plot, samples from S13, S14, S15, and S17 are noticeably discernible from other stations. The corresponding loadings of PC1 and PC2 indicate that the variable of Al, Fe, and Mn is closely correlated. The bar graphs of the concentrations of Fe, Al, and Mn further show that these stations are characterized with elevated metal concentrations. As observed, S13, S14, S15, and S17 are exposed to intensive land clearing; this provides an indication of accelerated surface runoff which, in turn, contributes to higher concentration of Fe, Al, and Mn. These stations are possibly affected by certain degree of disturbance. Greif and Klemm (2010) however stated that samples affected by anthropogenic sources should be eliminated from consideration of geochemical baseline; hence, S13, S14, S15, and S17 are excluded from the calculation of background levels. The baseline levels of trace metals in surface water, derived based on 95th percentile, are Al (0.34 mg/L), Fe (0.51 mg/L), Mn (0.12 mg/L), Cu (0.01 mg/L), Pb (0.03 mg/L), and Zn (0.05 mg/L). Other elements were undetected. According to Oste et al. (2011) , the background concentration of elements below detection limit can be taken as half the LOD values. Table 2 compares the background concentrations of six elements derived for the Baleh River with the levels reported in the literatures. The background levels proposed by Martin and Meybeck (1979) are apparently higher than other reference values corroborating the discussion of Meybeck (1991) that these values are overestimated (Martin and Meybeck 1979) . Evidently, the background levels of Fe and Mn are very similar to that reported for the Tapacurá River in Brazil with Cu, Pb, and Zn exhibiting higher concentrations. In comparisons to other reference values, the local geochemical baselines are consistently lower.
Most of the baseline values are derived based on the metal concentration in sediments. For sediment, all elements analyzed are detected except As and Se. The most abundant elements are Al, Fe, and Mn as they are the major mineral compositions of sediment. The square rooted and standardized metal concentrations are similarly subjected to PCA with the score plot of PC2 versus PC1 illustrated in Fig. 3 . As observed, there is no discernable clustering pattern. The total variance explained by PC1 and PC 2 is 84.33 % with respective variance of 75.52 and 8.81 %. Statistically, no significant difference is inferred in the metal concentrations between stations; thus, all samples are taken into account in computation of the geochemical baseline.
Box plots in Fig. 4 illustrate the distribution of metals in sediment with the lower and upper whiskers representing the 5th and 95th percentile, respectively. For Cr, Fe, Zn, and Hg, the median is almost in the middle of the percentile box with outliers detected in Pb and Hg. The cumulative frequency curves of metals (Fig. 5 ) are plotted to illustrate the geochemical anomalies, distinguishing background and anthropogenicaffected samples. If samples are from one single population, the curve is straight without any inflection point. As indicated, the cumulative curves of most elements S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 S21 0 1 2 3 4 5 ) g k / g m ( . c n o C S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 S21 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 S21 Fig. 2 The score plot of PC2 versus PC1 based on the metal concentrations in river water. The bar graphs illustrate the distribution of Al, Fe, and Mn across all stations World average (Turekian 1969 S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 S21 0 1 2 3 4 x 10 4 ) g k / g m ( . c n o C S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 S21 0 200 400 600 800 ) g k / g m ( . c n o C S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 S21 maximum value is omitted and the linear fit is recalculated until the criteria are met. As illustrated in Fig. 5 , the maximum values recorded for Hg and Pb are removed to attain R 2 > 0.90. The algorithm offers a systematic approach to determine the background values based on the cumulative frequency curves; however, there are some problems identified with this approach. As seen in the curves of Al and Mn, there may be an inflection point in the cumulative curves; however, it has not been identified with the strategy of Wei and Wen (2012) . Besides, the regression line for Ni appears distorted due to the zero values where the algorithm did not take into account the anomalies in the lower limit range. Figure 6 illustrates the histograms of the metal concentrations based on the calculated distribution function (blue: original distribution and red: calculated distribution). Kolmogorov-Smirnov test was used to determine if the original and the calculated distribution were significantly different. As indicated by the p values in Fig. 6 , the calculated distribution of Al, Cr, Cu, Fe, Mn, and Ni was statistically different from the original data. Distinctive variations between the sampled calculated data imply that the background concentrations are overestimated where the number of atypical samples is larger than the background samples (Nakic et al. 2007 ). For Ni, the element was undetected in a large number of samples where the median is zero. When the procedure removes values greater than median, all positive measurements are omitted rendering the approach invalid with p < 0.05. Other elements with significant difference between the calculated and actual data on the other hand demonstrated that samples are possibly originated from two populations, indicative of anthropogenic contribution. According to Nakic et al. (2007) , the iterative 2σ technique and calculated distribution function do not require the processed data to obey a normal distribution and they can be applied to a dataset of n < 30. For cumulative frequency curve, however n > 50 is recommended. Table 3 summarizes the baseline metals of the Baleh River determined according to various statistical approaches and in comparison to the literature values mainly from tropical and sub-tropical regions of Brazil, China, and India. As observed, the background values proposed with the iterative 2σ algorithm and calculated distribution function are relatively lower than other approaches. The upper limits of Al, Cr, Cu, Fe, Mn, and Ni determined based on calculated distribution function are obviously out of range, corroborating with the p values of Kolmogorov-Smirov. The background of the Baleh River was calculated as the mean of upper limits determined by various approaches, excluding that determined by calculated distribution function. As shown in Table 3 , there is a considerable variation in the baseline values derived from different geographical regions. Despite the discrepancies, the baseline concentrations of the Baleh River are found within the overall range reported in various regions but lower than the world average values. For Hg, the background concentration calculated (0.33 mg/kg) is comparatively higher than that reported in most studies (0.08-0.25 mg/kg); nonetheless, the value is found within the range reported in Riberira Bay, Brazil, by Cardoso et al. (2001) . Roulet et al. (1999) reported that tropical soils are naturally rich in Hg.
The average baseline levels determined were employed to evaluate the contamination status of the sampling stations. The I geo values calculated for Al, Cr, Cu, Fe, Mn, Ni, Pb, Zn, and Hg in sediment are consistently less than 0 indicating no risk of contamination. Correspondingly, the EF values are <1 (less than 1) implying no input of anthropogenic sources. For CF however, some stations upstream at ST 17-22 are indicated with CF values slightly more than 1. Overall, the PLI corroborates the I geo and EF values with the resultant indices less than 1. As expected, significant positive correlations are deduced between Al-Fe-Mn in water. For sediment, all elements are found to be strongly correlated suggesting similar source of input as a result of natural geochemical weathering. Fig. 6 The histograms of the original data of metals in sediment (blue) and the data attained with calculated distribution function (red). The p values indicate significant difference between the original and the calculated distribution 
Conclusions
The geochemical baseline of metals in the Baleh River was determined based on the statistical methods. In water, only Al, Fe, and Mn were consistently detected; other elements were absent or found in trace amounts. Several stations observably exposed to land clearing were found to exhibit elevated Al, Fe, and Mn in water, indicative of enhanced surface runoff. The baseline levels in water determined based on 95th percentile of undisturbed samples were Al (0.34 mg/L), Fe (0.51 mg/ L), Mn (0.12 mg/L), Cu (0.01 mg/L), Pb (0.03 mg/L), and Zn (0.05 mg/L). The background levels of metals in sediment were established according to statistical methods including (mean + 2σ), iterative 2σ, cumulative distribution frequency, interquartile, and calculation distribution function. The background values derived using the iterative 2σ algorithm and calculated distribution function were lower than those derived with the other approaches. The baseline levels derived for the Baleh River were found within the range reported in various literatures primarily tropical and sub-tropical regions, with Hg demonstrating higher level. Nonetheless, the values derived were much lower than the world average values, which is not unexpected. According to the I geo and EF values derived with reference to the background values established, sediment from the Baleh River was categorized as low in contamination where the I geo and EF values are consistently less than 1 and most CF < 1 (ST 17-22 with values slightly above 1).
